Xenobiotic metabolism is generally referred to as phases I, II and III, where phase I includes oxidation of lipophilic xenobiotics, phase II deals with the conjugation of phase I products, and phase III eliminates some conjugated xenobiotics with glucuronide, sulfate or glutathione from cells in various tissues [8] . Since several phase I and phase II xenobiotic metabolizing enzymes were already detected in the olfactory epithelium of the mammals, the xenobiotic metabolizing system is considered to play important roles in the chemical homeostasis of the olfactory epithelium [2, 4, 15] . In particularly, the existences of olfactory specific isoforms were reported in cytochrome P450 as phase I enzyme [17] and UDP-glucuronosyl transferase as phase II enzyme [14] in mammalian olfactory epithelia.
The possibility of the conjugated xenobiotics being extruded from the cells of olfactory epithelia has not yet been investigated. In other mammalian cells and tissues, such as the liver, kidney, trachea and tumour cells, multidrug resistance P-glycoproteins (MDRs) and multidrug resistance-related proteins (MRPs) are known to extrude xenobiotics as phase III xenobiotic metabolizing pumps, and these molecules show polarity localization in each cell [1, 7, 21] . MRPs were more strongly than MDRs involved in the excretion of phase II conjugated xenobiotics [10, 19] . However, expressions of their phase III xenobiotic metabolizing pumps in the olfactory epithelia have not been confirmed in the mammals. In this study, we investigated gene and protein expressions of MRP type 1 (MRP1) and type 2 (MRP2) isoforms in the adult rat olfactory epithelia by employing molecular biological and histochemical techniques.
Eight-week-old male Wistar rats (n=20) weighing 250±30 g (Seac Yoshitomi, Fukuoka, Japan) were provided for the present study. The care and use of animals followed 'The Guiding Principles for the Care and Use of Animals', approved by our university in accordance with the principles of the Declaration of Helsinki. Rats were deeply anesthetized with an intraperitoneal injection of 5 mg of pentobarbital sodium per 100 g body weight and perfused intracardially with physiological saline. After perfusion, the nasal cavities, including the olfactory and respiratory epithelia, and livers were carefully dissected and removed. Total RNA was prepared from the rat nasal cavities and livers (n=8, respectively) using the ISOGEN (Nippongene, Tokyo, Japan). Poly (A) + RNA was isolated by oligo (dT)-Latex beads (Oligotex-dT30<Super>; Takara, Otsu, Japan). Five hundred nanograms of poly (A) + RNA from the nasal cavities and livers were reverse transcribed using an random primer pd (N) 9 (Takara) and Super Script h at 50°C in a moist chamber. Post hybridization washing and immunohistochemical detection for hybridized signals were performed by using the method of Kudo et al. [11] . In control experiments, the sense RNA probes were hybridized to tissue sections as described for the antisense RNA probes. Alternatively, the sections were treated with 20 µg/mL RNase A for 30 min at 37°C prior to in situ hybridization. Sections adjacent to those used for the above hybridization were counterstained with Delafield's hematoxylin and eosin staining. [20] and OMP [12] have already been demonstrated in the rat tissues. The specificities of the above immunohistochemical reactions were confirmed by a preabsorption test with antigenic peptide for them.
Amplified both MRP1 and MRP2 cDNA fragments of the expected sizes (561 and 868 bp, respectively) were detectable in the liver using RT-PCR with each specific primer sets (Fig 1) .
Only MRP1 cDNA was detected in the amplification of MRPs cDNA in the nasal cavity.
Nucleotide sequences of these RT-PCR products were completely identical to the corresponding region of both MRP1 and MRP2 sequences (GenBank accession nos.
RN0277881 and D86086, respectively) previously examined in the rat astrocyte [6] and liver [9] , respectively. (Fig. 2B) . Double immunofluorescence labeling of MRP1 (Fig. 3A) and OMP (Fig. 3B ) in olfactory epithelium of the turbinate revealed that immunoreactivities for MRP1 were independently localized the cytosol of supporting cells. However, distinctly colocalization of immunoreactivities for MRP1 and OMP was not observed in the olfactory receptor neurons (Fig. 3D) . Figure 3C shows the nuclei by DAPI staining. The above immunoreactivities
were not detected by the preabsorbed antibodies with each antigenic peptide. No clear differences in the localization and the signal intensity for MRP1 were observed between the nasal septum and turbinates in both immunohistochemistry and in situ hybridization examinations.
RT-PCR analysis in the present study revealed the expression of MRP1 mRNA in the rat nasal cavities, but did not detect expression of MRP2 mRNA. Previous study revealed that MRP1 expression indicated widely distribution of various organs including the brain [5] .
This report indicated that MRP2 expression could not detect in the brain. Present study by in situ hybridization revealed that the expression of MRP1 mRNA was detected in the olfactory epithelial regions, and not in the respiratory epithelial regions in the rat nasal cavity.
These results suggest that MRP1 is involved in the olfaction in the nasal cavity, and has more important roles about xenobiotic metabolism than MRP2 in the neural tissues. Gene and protein expressions of MRP1 were preferentially localized in the supporting cells of the olfactory epithelia by both hisotochemical techniques. However, mammalian phase II enzymes, including glutathione S-transeferase (GST), were expressed in the supporting cells of olfactory epithelia [e.g., 3, 18] . Our previous study demonstrated, zinc-deficient rats that exhibited olfactory dysfunction, a marked reduced expression of GST class mu at both mRNA and protein levels in supporting cells of olfactory epithelia [13] . These results suggested that The present study is the first to describe the expressions of MRP1 mRNA and protein in the mammalian olfactory epithelium. These findings imply that MRP1 is involved in olfaction as a part of the "olfactory signal termination" by the chemical homeostasis in the "perireceptor events" of the olfactory epithelium. 
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